Numerous cell types and molecules influence inflammation. The ideal scenario would be the discovery of a biomarker 'master switch', affecting many of the control elements that drive the inflammatory process during pathologies. A master switch would extend our understanding of the disease process and provide an easy means of controlling inflammation. While such a master switch may not exist, growing experimental evidence suggests that CD40 plays a substantial, multi-faceted role in inflammation. This 45 kDa type 1 membrane protein is a cell surface receptor that was originally discovered on the surface of B lymphocytes [1] . At this time it was described as inducing antibody class switching, a process that allows the body to produce the wide array of immunoglobulins necessary for immune protection and, in terms of autoimmunity, is necessary for the generation of autoantibodies. Autoantibodies are detected in numerous classical autoimmune diseases, including rheumatoid arthritis, systemic lupus erythematosus and type 1 diabetes. Indeed, the presence of more than one type of autoantibody can be, and often is, a decisive diagnostic component for each of these diseases. Mechanistically, autoantibodies contribute to disease pathology, thus providing the first link between CD40 and disease pathology.
The role of CD40 in inflammatory processes is not confined to B cell function, with a greater degree of involvement implicated by the finding that other antigenpresenting cells (APCs), including macrophages and dendritic cells (DCs), express CD40 [2, 3] . APCs form part of the innate, rather than the adaptive, arm of the immune system, but, importantly, CD40 engagement on macrophages induces the production of pro-inflammatory cytokines, including TNF-α, IL-6 [2] and IL-1β [4] . CD40 engagement on DCs results in 'licensing', which is needed for DC-T cell interactions. Specifically, CD40-licensing of DCs endows these cells with the ability to appropriately co-stimulate CD4 + and CD8 + T cells [5] . Consequently, blockade of the interaction between DCs and T cells inhibits T cell responses to viruses and other exogenous antigens [6] .
A new insight into the part played by CD40 in inflammation was provided by the identification of a unique T cell subset that expresses CD40, referred to as Th40 cells [7] [8] [9] [10] . These CD40 + T cells can give rise to pathogenic effector T cells [8] [9] [10] [11] , which are capable of altering receptor expression on peripheral T cells. This has significant implications for autoaggressive T cell generation, as the newly generated TCR molecules are not subject to central tolerance. In addition, CD40 is a highly effective co-stimulus for Th40 cells [12, 13] . In fact, for pathogenic, autoaggressive Th40 cells, CD40 provides stronger co-stimulation than CD28, inducing the production of pro-inflammatory cytokines such as TNF-α, interferon-γ and IL-6 production [11 -13] .
In another twist, CD40 has proved to be far more ubiquitously expressed than was originally anticipated. Expression on endothelial cells, smooth muscle cells, astroglial and microglial cells has been documented [14] , and now, in this issue of Diabetologia, Poggi et al. demonstrate another fascinating result-that CD40 is functionally expressed on adipocytes [15] . In addition, these authors demonstrate that CD40 engagement induces inflammatory cytokine production by the adipocytes. This result has significant implications for inflammation, including a role for cells other than immunocytes in this process, but also has broader reaching implications for different diseases. Pathologies that derive from inflammation are associated with autoimmune diseases, but non-autoimmune diseases are likewise affected by persistent inflammation. As Poggi et al. demonstrate, CD40 engagement affects glucose uptake and the production of leptin, a hormone responsible for weight management [15] . These newly identified consequences would have a direct effect on a diverse range of diseases that occur outside the realm of autoimmunity, such as type 2 diabetes and metabolic syndrome.
CD154, the ligand for CD40, is expressed on activated T cells and on platelets [16] , and systemically elevated levels of CD154 are observed in both autoimmune and nonautoimmune diseases [17] [18] [19] [20] [21] . Furthermore, the soluble form of the protein (sCD154) exhibits cytokine-like properties [21] . In fact, CD40 and CD154 are members of the TNF-α receptor and TNF super-families, respectively [22] . Poggi et al. demonstrate that T cells expressing sCD154 or CD154 interact with adipocytes to induce the synthesis and secretion of cytokines such as TNF-α and IL-6 [15] . This has direct implication potentially affecting the balance between regulatory T cells (Tregs) and pathogenic autoaggressive effector T cells, including Th40 cells. Tregs are generated in vitro by exposing naive T cells to TGFβ [23] ; however, in the presence of IL-6, the Treg developmental pathway is switched in favour of the Th17 pathway [23] . Persistently high levels of IL-6, including that produced by fat tissue, could deplete the Treg pool by shunting cells into the Th17 pathway. Therefore, adipocytes producing IL-6 would affect the ratio of Treg to T effector cells. It is crucial that the homeostatic balance between Tregs and Th40 cells is maintained [24] . The discovery that CD40-induced signals occur independently of immunocytes highlights the fact that different physiological systems are intricately linked and therefore exert important effects on one another, potentially resulting in disease. In addition, these findings add to our understanding of the involvement of CD40 in disease processes. The fact that fat is not passive, but, rather, interacts with T cells, suggests how a vicious cycle leading to inflammation may be established in disease states as diverse as obesity, metabolic syndrome and type 2 diabetes.
The evolving role of CD40 in inflammation makes it a prime target for therapeutic intervention. However, such interventions are not without risk, as it is becoming apparent that numerous cell types express CD40 and that the physiological function of CD40 on each cell type results in unique outcomes. While in some cases CD40 signals may promote autoaggression, i.e. the development and expansion of autoantibodies and the generation of T cells that express self-antigen-reactive T cell receptors, preventing antibody class switching and hampering DC licensing, would have strongly negative effects. As shown by Poggi et al. [15] , the role of CD40 in pathogenetic processes extends beyond autoimmune diseases, maybe to type 2 diabetes, metabolic syndrome and even obesity. Thus, a reasonable means of controlling CD40 signals portends an even greater outcome on an ever-growing number of diseases. T cells contributes to their activation and pathogenicity. J Autoimmun 31:385-392
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